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ABSTRACT 
F o s s u ~ ,  P. 1988. A tentative method to estimate mortality in the egg and early larval stages, 
with special reference to cod (Gadus lnorhua L.). Fi,rkDir. Skr. Ser. HnvUnders., 18:329-349. 
A tentative method to rstimate egg and larval mortality is demonstrated. Thc material was 
sampled during the cod egg and larvae surveys in thr Lofoten area in the years 1983 and 1984. 
Correct ageing of eggs and larvae, reliable estimation of the number of individuals in different 
age groups, and the spawning curve (number of eggs spawned pcr day) are the principal compo- 
nents in the method. T o  estimate the mortality, the number of eggs and larvae in different age 
groups (8-50 days after spawning) are compared with the estimated number of spawned eggs. 
A mean daily instantaneous mortality rate of 0.12 can explain the reduction in number of spawn- 
ing products during the period of investigation both in 1983 and 1984. The course of the morta- 
lity curve is discussed in relation to starvation and predation. 
INTRODUCTION 
Surveys of Northeast Arctic cod larvae have been carried out in the Lofoten 
area during the period 1979-86 (ELLERTSEN et al. in prep.) and cod egg sur- 
veys in the same area during the period 1983-85 to estimate the spawning 
stock of Northeast Arctic cod (SUNDBY and BRATLAND 1987). These surveys 
have provided material to estimate the mortality of the spawning products 
of the cod in the period 0-50 days after spawning for the years 1983 and 1984. 
Little information exists on mortality rates of marine fish eggs and larvae, 
especially on cod (DAHLBERG 1979, HUNTER 1984). The data presented in 
the literature indicate that the mortality rates of pelagic fish eggs and larvae 
in general must be high and variable both between years and populations. 
The range of observed mortality rates is 7-67'10 per day. DAAN (1981) found 
a daily mortality rate of 22% for cod eggs in the North Sea. Thus, only 2 %  
of the cod eggs spawned, hatched and produced larvae. 
Predation and abiotic factors such such as wave action have been proposed 
as the main sources of mortality of pelagic fish and larvae with yolk sac. In 
older larvac, starvation and predation have been proposed as thc maill sources 
of mortality, and mesocosm investigations (@IESTAD 1985) have shown that 
the ability to survive is enormous in predator-free productive systems. 
Direct observations of the mortality of different egg and larval stages 
through the incubation and larval period may give some additional informa- 
tion on the importance of diff'ercnt regulating mechanisms. 
Most authors belicvc that mortality in thc early stages has significance for 
the strength of the year class, but there is a question about what is the 
most important recruitment regulating factor, starvation or predation. Much 
work has been done to cvalutc "the critical period concept" first put forward 
by HJORT (1914). The reviecvs by MAY (1974) and DAHLBERG (1979) failed 
to provide clear cvidcncc of a critical period. But there is much evidence for 
the potential sensitivity of fish larvae to quantitative and qualitative altera- 
tions in the food supply (LASICER 1975, LAURENCE 1974, HOUDE 1973, YODER 
1983, BAKUN and NELSON 1977, BAILEY 1981, FORTIER and LEGCETT 1984 
and ELLERTSEN e l  al. in prep). 
I t  is more difficult to find direct eviclcncc of predation zn szlu, but it is a 
widely held belief that macroinvertebrates and planctonic-feeding fish con- 
sume large amounts of fish eggs and larvac (MAY 1974, HUNTER 1984, LAIT- 
RENCE 1981, WARE 1975 and ~ \ . I @ L L E R  1979, 1980 and 1984). l\/lore direct 
evidence of predation llas recently been found by MELLE (1985) and PUR- 
CELL (1984). A contradictory view is hcld by SISSENWINE (1984) who con- 
cludes that the recruitment of Geoiges Bank herring is most sensitive to the 
mortality in the periocl from five months to two years. 
Other causes of grcat variations in recruitmcilt may be long-term varia- 
tions in the climate (KOSLOMT 1984), or variable degrees of retention of thc 
spawning products in areas \vhere the survival of the progeny and thc condi- 
tion for thcir adopting the migration pattern of the stock they belong to are 
optimized (SINCLAIR and ILES 1985). 
Thus the major cause or causes of recruitment variability is a question 
still to bc answered. This paper will describe an attempt to estimate the 
mortality of thc spawning products, and cliscuss the course of the mortality 
curves in rclatioil to predation and starvation. 
r .  I hc estimates of egg and larval mortality arc based upon the assumption 
that the whole area of clistribution of the spawning products are covered 
during thc egg and larval surveys. Thrce main spawning arcas are fou~lcl in 
thc area: inside thc Vestfjord, at  Rsst, and on the R/loskeneshank. The  spawn- 
ing products from the Vcstfjord arc found in the near-shore coastal water 
masses and are retained in thc area for a long period, \vhile the spawning 
products from the outer areas are flushcd out of the systcm in a short timc. 
Thus this investigation is based on the spawning products from the Vest- 
fjord, approximately 50% of the total spawning of the Northeast Arctic cod 
in 1983 and 1984 (SUNDBY and BRATLAND 1987). 
MATERIALS AND SIETHODS 
H E L D  .SAA.IPLWC 
A total of eight surveys wcrc conducted in 1983 and 1984. In both years 
thrcc cod cgg survcys werc carried out in the period March-April to measure 
the cod egg production (SUNDBY and BRATL.AND 1987). The cod egg survey 
tracks are shown in SUNDBY and BRATLAND (1987). In early May of both 
years a survey was conducted with two rcscarch vessels, "ohan Ruud" and 
"Eldjarn", to measure the distribution and abundance of first-feeding cod 
larvac. The cod larval survey tracks are shown in Fig. 1 and Fig. 2. 
O n  each statlon of the cod egg surveys, nets with 0.5 mL opening .ruere 
haulcd from 75-0 m. During thc cod larval surveys, the same ncts werc haul- 
ed from 50-0 rn, covering the vertical clistribution of eggs and larvae (SOLEM- 
DAL and SUNDBY 1981, ELLERTSEN el al .  1977). The mesh size of the ncts 
was 375 pm and the hauling \~clocity 0.5 m/s. O n  the stations, salin~ty and 
tempcraturc data were collcctcd by a C T D  sonde. 
Thc samplcs were sortcd on board, and cod eggs and larvae werc preserved 
in 4% formalln in 3O0/0 sea water. The whole egg sample or a subsample of 
20 cggs, ~f the s~zcs  of the sample was larger than 20, was class~fied accord- 
ing to 6 different substages, according to MIESTERNHAGEN (1970) as modified 
by STRMIM~IE (1977). All the cod larvae \vcre staged accordi~lg to F o s s u ~  
(1986). 
'The abundance, in numbers per square meter of surfacc, of cggs in stage 4+5 
and stagc 6 and larvae in stages 1-4, 5+6, 7+8 and 9 were plotted on maps. 
The cluratioll of these egg and larval stages at the prevailing tcmpcratures 
is sllown in 'Table 1. 
The duration of stagc 9 is cstimatecl to be about 14 days. The oldest lar- 
vac are to a certain cxtent able to avoid the nets. Thus a knife-cdgc sclcction 
curve with a thrcshold agc of 42 days is used. 'This means that all thc larvac 
with age under 43 clays arc caught, while all lar\~ac over 42 days old avoid 
the ncts. 
Fig. 1. The cod larval survey tracks in May 1983. 1-83 R/V "Eld- 
jam" S 9  May 1983, 2-83 R/V 'yohan Ruud" 6 9  May 1983. 
Fig. 2. The cod larval survey tracks in May 1984. 1-84 R/V "Eld- 
jam" 6-10 May 1984, 2-84 R/V "Johan Ruud" 6-10 May 1984. 
Table 1. T h r  c1uratio11 of different egg and larval stages. 
Stage lluration (days after spawning) 
Egg stage 4-5 7-14 
Egg stage 6 15-19 
Larval stage 1-4 20-23 
Larval stage 5-6 24-27 
Larval stage 7-8 2&35 
Larval stage 9 3 6 5 0  
Different stages are coalesced if the duration of the combined stages is 
shorter than one week, because of the relatively limited size of the larval 
material. The  total number in each of these groups was calculated by an 
area-integrating method (SUNDBY and BRATLAWD 1987). The area of investiga- 
tion was divided into seven diZ&.ent subaleas. Estimates of the total number 
in a certain group of spawning products within a subarea were calculated 
by the following method: Isolines between values of 1, 5, 10, 20 and 30 spawn- 
ing products/m2 of the surface were drawn. Then the area in square centi- 
meters between the different isolines was calculated, adjusted according to 
the map correction factor (within the range 11-13 km2/cm2 in the area of 
investigation), and multiplied by the mean abundance of the specific spawn- 
ing product between the two isolines. The total estimates within the subarea 
was the sum of spawning products between the different isolines, and the 
total estimate was the sum of the individual estimates from the different sub- 
areas. 
The  survival of the spawning products was calculated by a comparison 
of the estimated number of eggs spawned and the resulting number of spawn- 
ing products 7-44 days later. (For example the number of stage 5-6 larvae 
aged 24-27 days post-spawning were compared with the estimated number 
of eggs spawned 24-27 days earlier). A spawning curve of eggs spawned per 
day for the area of investiyation in 1983 and 1984 was calculated by SUNDBY 
and BRATLAND (1987). The estimates of spawned eggs are inferred from these 
curves, since the number of eggs spawned during a certain time period is the 
integral under the spawning curve. 
No attempt is made to estimate the variance of the mortality bccausc of 
the large errors involvcd in field sampling of eggs and larvae. 
RESULTS 
The main spawing was conccntrated in the last days of March and the first 
days of April, and 50% spawning occurred on 31 March for the period 
1975-85 (ELLERTSEN el 01. in prep.). During the peak spawning 200- 
300 x 10%eg.gs were spawned per day in the Vestfjord. 
Results of temperature and measurements are given in SUNDBY and BRAT- 
LAND (1987). The mean temperature in the mixed layers in March-April 
was 0.5 "C above the normal (last 30 years) in 1983 and at the normal in 1984. 
In Fig. 3 the horizontal distribution of 8-15 day-old cod eggs is shown 
from the surveys 8-10 April and &9 May 1983. The number of cod eggs 
at this age was estimated to be 1 100 X lo9 on the first coverage and 149 X lo9 
on the second. The areas with the highest number of cod eggs changed from 
the ccntral spawning areas in the Vestfjord to the outer side of the Lofoten 
islands from the first to the second coverage. This can be seen as an exam- 
ple of the westward movement of the spawning cod throughout the spawning 
season. The first coverage measured the abundance of eggs spawned during 
the peak of the spawning, and the last coverage the abundance of eggs spawn- 
ed towards the end of the spawning period. The estimates of eggs spawned 
8-15 days prior to the coverages, the orgin of the eggs within the age groups 
8-15 days, were 3235 x 1 0 h n d  315 X 10" respectively. This means that the 
original number of eggs was reduced by 66 and 53% in the period from 
spawning to 12 days after spawning, and that the reduction is somewhat stron- 
ger for the eggs produced during the most intense spawning than towards 
the end of the spawning period. 
In 1984, samples of cod eggs in the same age group, 8-15 days old, were 
examined from a survey carried out in the period 2-7 April. Their horizon- 
tal distribution is given in Fig. 4. Most of the eggs were found inside the 
Vestfjord. The total number of eggs in this age group was estimated to be 
463 X loy. They originated from 1593 X 10Qggs spawned 8-15 days earlier, 
a reduction of 71 %.  
In Fig. 5, the horizontal distribution of eggs near hatching, aged 15-20 
days, is shown. The eggs are from the survey carried out in the period 6-9 
May 1983. Most of the eggs were found inside the Vestfjord over the spawn- 
ing grounds of the cod, but some eggs were also found on the outer side of 
Lofoten and in the Vesterilsfjord. The total number of eggs near hatching 
found during this period is estimated to be 54 x 10'. The estimate of the 
original number of eggs spawned 15-20 days earlier is 340 x lo9. Thus a 
reduction of 84% in numbers of eggs in this period can be calculated. Compa- 
rable data are not available for 1984. 
The following results are all from the larval surveys in 1983 and 1984. 
The cod larval material consisted of 2260 and 2 156 larvae in 1983 and 1984, 
respectively. The same pattern of larval distribution was seen both years. 
Most of the larvae were found inside the Vestfjord. However, the center of 
distribution moved slightly westward in 1984 compared to 1983, and more 
of the oldest larvae were found on the outer side of the Lofoten Islands, espe- 
cially in the Vesterglsfjord in 1983. 
The abundance and distribution of stage 1-4 larvae 2G23 days after spawn- 
Fig. 3. The horizontal distribution of 8-15 day-old cod eggs. 
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Fig. 4. The horizontal distribution of 8-15 day-old cod eggs from a coverage carri- 
ed out 2-7 April 1984. 
ing in 1983 and 1984 is shown in Fig. 6. The total number in these stages 
within the area of investigation is estimated to 18 X lo9 at the mean date 
of the coverage in 1983. The estimate of the total number of eggs spawned 
20-23 days earlier is 400 x lo9, thus the number of spawning products is 
reduced by 95.5% over this time period. The data for 1984 give a reduction 
from 403 x 10' to 24 X lo9, or 94.1 %. 
The abundance and distribution of first-feeding yolk sac-larvae stage 5-6, 
of age 24-27 days after spawning, is shown in Fig. 7. The total number of 
these larvae was 14 x lo9 in 1983. An estimate of the total number of eggs 
spawned 24-27 days earlier, 620 X lo9, gave a reduction of 97.7%. The cov- 
erage in 1984, shown in the same figure, gave the following results: 22 X lo9 
larvae belonged to stage 5-6, and these orginated from 482 X 10' eggs, hence 
a reduction of 95.5%. 
The horizontal distribution of post-yolk sac first-feeding larvae, stage 7-8, 
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Fig. 5. The horizontal distributio~l of cod eggs near Ilatching, from a coverage carri. 
ed out 6 9  May 1983. 
is shown in Fig. 8. In  1983, 23 x 10' larvae were found, orginating from 
2600 X lo9 eggs, a reduction of 99.1%. In 1984, 28 X 10"arvae were found 
in these stages. The original number of spawned eggs was 1524 X lo9, hence 
a reduction of 98.2%. 
The horizontal distribution of the oldest larvae, stage 9, 36-50 days after 
hatching, is given in Fig. 9. The estimated number in this stage was 10 x lo9 
in 1983 and 6 X lo9 in 1984, originating from 2940 X lo9 and 1632 X 10" 
eggs, respectively. A reduction of 99.7% was observed both years. 
In Table 2 the estimated numbers in all of the different age groups of 
eggs and larvae are given, together with the estimated number of eggs they 
orginated from, the reduction in number (%), and the daily instantaneous 
mortality rate (z).  
Both this table and Fig. 10, showing the mortality of the spawning pro- 
ducts from spawning to 50 days after spawning on a logarithmic scale, give 
the impression of a constant mortality in this period. 
Fig. 6. The horizontal distrihution of unfeeding yolk sac larvae of cod, stage 1-4. 
In Fig. 11, the numbers of larvae in different age groups found in the dif- 
ferent subareas are shown. In Fig. 12, the frequency of the different age 
groups on the western side of the Lofoten Islands is given. Both figures show 
that the only group of spawning products that to some extent was found 
outside the Vestfjord were the oldest larvae in 1983, while most of the other 
larvae were found inside the Vestfjord. 
I 
5 - 8  DAYS OLD CO0 LARVAE 
6-10 MAY 1984 
12' 13' 1 L* 15' 16 
Fig. 7. The horizontal distribution of first-feeding yolk sac larvae, stage 5-6. 
Fig. 8. T h e  horizontal distribution of first-feeding cod larvae with resorbed yolk 
sac, stage 7-8. 
Fig. 9. The horizontal distribution of the oldest larvae, stage 9 
Table 2. The mortality from spawning to the diKerent egg and larval stages. N = N X lo', 
ERR = E, Larvae = L. 
Stage Nos. of Original Mortality Daily instan- 
spawning number (YO) taneous mortality 
product of eggs rate (Z) N, = Noe-Zt 
E4-5 (1983) 1100 3235 66.0 0.09 
(1983) 149 315 52.7 0.07 
(1984) 463 1593 70.9 0.11 
E6 (1983) 54 340 84.2 0.11 
L1-4 (1983) 17 400 95.5 0.15 
(1984) 23 403 94.1 0.13 
L5-6 (1983) 14 620 97.7 0.18 
(1984) 2 1 482 95.5 0.15 
L7-8 (1983) 23 2600 99.1 0.15 
(1984) 28 1524 98.2 0.13 
L9 (1983) 9 2940 99.7 0.14 
(1984) 5 1632 99.7 0.14 
1 AGE OF S P A W N I N G  PRODUCTS (DAYS!  I 
Fig. 10. The mortality of the spaw- 
ning products of cod from the Vest- 
fjord area in the period Cb50 days 
after spawning. 
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Fig. 11. The number of larvae 111 
different age groups found in the 
different subareas Area 
1-Eastern Lofote11, Area 2-Aust- 
nrsij. and Hnila, Area 3-Hen- 
ningsvzr, Area 6M'cstern Lofo- 
ten, Area 3-7'he outer side of the 
Lofoten Islantls a11d Arra G 
VesterHlsfj. 
DISCUSSION 
The enormous fecundity of most marine fishes is balanced by high egg and 
larval mortalities (DAHLBERG 1979). The natural mortality in species with 
fast growth and short developmental time, anchovy and mackerel, is general- 
ly higher than in species which experience long incubation and larval period, 
e.g., cod and herring (HOUDE 1986). The reason for this may be that the egg 
and larvae of fast-growing species are less uniformly distributed than the 
slower-growing ones, and this makes them more vulnerable to predation 
(MCGURK 1986). 
In the present paper a large reduction in the number of the spawning 
products of cod was seen during the incubation and larval period. This may 
be due to some of the following reasons: 
- The egg and larval distribution is not completely covered due to drift out 
of the area of investigation. 
- Predation on eggs and larvae. 
- Starvation. 
- Physical damaging of the eggs due to wave action or stranding. 
- Mortality due to genetic defects. 
- Eggs or larvae infected with fungus or bacteria. 
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Fig. 12. The frequency of cod larvae in different age groups on 
the outer side of the Lofoten Islands. 
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The significance of mortality due to genetic defects or to fungus or bacterial 
attacks will not be further discussed. 
The eggs are spread from the central spawning grounds due to drift and 
diffusion. During the first five days of the incubation period the abundance 
of eggs over the spawning ground decreases to 1:2.1 of the original, and the 
area of distribution increases 2.5 times (ELLERTSEN et al. in prep.). But the 
station grid of the coverages is laid to encompass the egg and larval distribu- 
tions, and the northernly extensions were located on all coverages in both 
years. However, some eggs and larvae may escape out over the outer shelf 
area with a too-low density to be discovered by the present sampling equip- 
ment. If the mean larval abundance on the shelf area is given a value of 
0.2/m2 surface, the total number would add up to about 1% of the estimated 
total number of eggs and larvae in early May (Sundby pers. commn.) (If the 
real density had been higher, some eggs or larvae would have been caught 
from time to time.) Thus very little of the observed reduction in eggs and 
larvae can be caused by uncontrolled diffusion and drift out of the area of 
investigation. 
Storms and wave action may cause some mortality in cod eggs (ROLLEFSEN 
1931). However, the vertical distribution of cod eggs is very sensitive to tur- 
bulent mixing of the water masses, and the cod eggs with their weak bouyancy 
will easily be mixed downward in the water masses due to relatively moder- 
ate energy input from wind (SOLEMDAL and SUNDBY 1981). Another reason 
for the rclatively limited significance of wave action as an important cause 
of mortality in cod eggs may be that this could have put an active selective 
pressurc on the buoyancy mechanisms in the egg. 
Stranding of eggs may be a problem, especially when the Vestfjord is ex- 
posed to northerly and easterly winds which causes a near-shore distribution 
of the eggs (ELLERTSEN et al. 1981). SARS (1879) reported, "It's thrown on 
shore in such enormous masses as to form, so fishermen have assured me, a 
layer several inches in thickness." In such cases this may have some signi- 
ficance to the egg mortality. Very little is reported in the literature about 
stranding of eggs. CLADY (1976) tells about 1% daily mortality caused by 
stranding of demersal yellow pike eggs in i lake. These eggs where raised 
up by storms and thrown on to the shore. 
There is no evidence of starvation from the mortality curve in the present 
investigation. Heavy reductions in number during the stages totally depen- 
dent on endogenic food uptake must have other reasons. The mortality rate 
changes neither throughout the period of transitional feeding nor during the 
post-larval period. Therefore predation seems to be the most reasonable ex- 
planation of the present reduction of spawning products. The youngest sta- 
ges are vulnerable to predation, but larvae will to some extent be able to 
avoid small predators after some time of growth and development. If, how- 
ever, the larvae are starved, their ability to avoid predators will be very 
much reduced (NIKOLSKII 1969, WARE 1975, SHEPHERD and CUSHING 1980). 
The explanation of the odd distribution of hatchable eggs which are found 
in the Vestfjord may be that this is a retention area (ILES and SINCLAIRE 
1982). The retention time of the eggs in the Vestfjord-system is longer than 
can be calculated from a simple drift model, which indicates a first-feeding 
area in the VesterHlsfjord area. Such discrepancies between the distribution 
derived from a passive drift model and the real distribution found in field 
investigations are also reported by ILES (1986). The reason for the prolonged 
retention time in the Vestfjord system may be eddies or that the current 
system is reversed due to SW-winds. The eggs are located in the wind-mixed 
layer and will drift passively according to the current. The vertical distribu- 
tion of the eggs is determined by turbulent mixing due to the wind. High 
wind impact will distribute the eggs evenly in the upper 50 meters, while 
during small wind velocities the eggs will concentrate near the surface (SOLEM- 
DAL and SUNDBY 1981). 
Another explanation for the unusual distribution of eggs near to hatching 
may be that the egg mortality is higher on the outer side of the Lofoten archi- 
pelago than in the Vestfjord. The distribution of egg predators cannot ex- 
plain this enigma, and most of the herring that feeds heavily on cod eggs is 
located in the Vestfjord. Other egg predators, such as Bollinopsis and medu- 
sa, are more evenly distributed, with higher densities at some distance from 
land in the whole area (MELLE 1985). 
The reduction of spawning products throughout the period of investigation 
will reduce the original numbers of eggs spawned in 1983 and 1984 from 
15 000 X 10' (SUNDBY and BR.ATLAND 1987) to about 45 X 10' stage 9 cod 
larvae after 40 days. This number is about 20 times the size of a large year 
class as 3-year-old cod, so most of the reduction has already taken place at 
this stage. In  both 1983 and 1984 large year classes of cod were produced. 
These years followed seven bad years of recruitment. During this seven-year 
period very few larvae were found in the Vestfjord in early May, so it seems 
that the egg mortality has had som significance for the recruitment during 
this period. In the period 1948-1950, WIBORG (1957) found no relation betwe- 
en the number of larvae in Lofoten in May and the resultant year class, but 
recruitment is clearly a very complicated process dependent on several para- 
meters. The relative importance of the different parameters may change with 
time. In one period the egg mortality may be most important, in another, 
the drift pattern of the costal current, and in a third, the amount of microzoo- 
plankton available for the larvae. 
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ABSTRACT 
HAUG, T .  and GULLIKSEN, B. 1988. Variations in liver and body condition during gonad develop- 
ment of Atlantic halibut, Hippoglossus hippoglossus (L.). FiskDir. Skr. Ser. HauUnders., 18: 351-363. 
Data were collected from Atlantic halibut (H@poglossus hippoglossus) caught in gill nets and on 
long lines in northern Norway between September and March during the years 1981-1986. The 
liver is significantly depleted during the spawning season, thus indicating that it is an impor- 
tant energy source for the halibut in this period. The carcass seems less affected by the energy 
expenditures involved in the seasonal accumulation of reproductive tissues and in spawning, 
particulary in females where no significant sacrifice of body weight was observed. 
INTRODUCTION 
In recent years there has been a growing interest in marine fish species in 
sea ranching and aquaculture. Owing to its high market price the Atlantic 
halibut has particularly received the attention of present-day aquaculturists, 
and rearing and farming experiments with the species are in progress at seve- 
ral Norwegian institutions. 
The  halibut is a long-lived species which is believed to spawn seasonally 
for a number of consequtive years (see JAKUPSSTOVU and HAUG 1988). I n  
northern Norway the spawning of Atlantic halibut takes place at various loca- 
lities within the fjords and on the edge of the coastal banks (HJORT 1905, 
DEVOLD 1938). Spawning, which usually takes place at depths of 300-700 m 
and a t  water temperatures of 5-7"C, lasts from December to March, with 
peak activity occurring between late January and early February (KJPIRSVIK 
et al. 1987). 
For a number of flatfish species it is known that energy reserves, which 
are generally deposited in liver and carcass, are considerably depleted during 
the course of gonad development and spawning (LOVE 1970, DAWSON and 
GRIMM 1980, JOBLING 1980, ROFF 1982). .Whether this is also true for the 
halibut is not yet known. With reference, to the emerging interest in halibut 
aquaculture, it is obvious that this question needs to be resolved. It  has rele- 
vance to the rearing of broodstocks of adult fish aimed at produciilg eggs 
and 'milt, and to the production of halibut food fish. This may well proceed 
beyond the stage of sexual maturity, since the halibut is a multi-year spaw- 
ner showing rapid growth rates in body tissues even after sexual maturity 
UAKUPSSTOVU and HAUG 1988). 
The aim of this paper, therefore, is to study seasonal variation in the size 
of gonads, liver, and body tissues of wild Atlantic halibut, preparing for spaw- 
ning in autumn and accomplishing the spawning in winter. 
MATERIALS AND METHODS 
Halibut stocks in Norwegian waters have been quite heavily depleted in re- 
cent years (IIAUG 1984, HAUG and TJEMSL~AND 1986). In order to provide 
enough data for this study, therefore, material had to be collected over seve- 
ral years and from several localities. The fish were collected during 1981-1986 
by gill netting and longlining at  six sites in northern Norway (Fig. 1). Samp- 
les were collected from September to March from commercial catches (Vest- 
fjord, Rsstbanken, off VesterHlen), and research cruises (Andfjord, Malan- 
gen, Ssrsysund). All fish were sexed, and total fish lengths (TL) were measu- 
red to the nearest centimeter. Eviscerated weights without removing head 
and gills (W) were recorded to the nearest 0.05 kg, while gonad weights 
(GW) and liver weights (LW) were recorded to the nearest 0.001 kg. All 
data from the different sites and years were pooled. 
Gonad maturity was determined according to gross criteria using the scale 
given by KJPIRSVIK et al. (1987). Thus stage 5 was maturing fish, stage 6 fish 
immediately before commencing of spawning, stages 7 fish with running go- 
nads, and stage 8 fish with spent gonads. Classification of male gonads gene- 
rally followed a simplified scale in that stage 5 and 6 were lumped together 
a$ "maturing fish". This was mainly due to difficulties in separating between 
these two stages. 
In order to examine the gonad weight-to-total weight relationship, an equa- 
tion of the type GW = a + fi . W was determined by linear regression. 
The relative gonad weight, or the gonosomatic index, GI, was then exami- 
ned using the ratio: 
The variation in GI  with maturity stage and time of the year was studied 
by analysis of variance (ANOVA). 
Fig. 1. The sampling sites in northern Norway. 
In examining the relative liver and carcass weights, cubic growth, or isome- 
try, of the tissues cannot be assumed a priori. The effect of fish lengths, which 
varied substantially in the present material, were, therefore, eliminated by 
using relative indices based on empirical length-weight relationships (LE 
CREN 195 1). Although several regression types can be fitted to length-weight 
relationships, the best fits are most often provided by a power-regression 
W, = a .TLp,  which in its linearized form can be expressed as lnW, = 
lna  + p .  InTL, where W, is the weight of the tissue, and a and P are the 
regression constant and regression coefficient, respectively (RICKER 1975). 
In this paper, therefore, we chose to fit power functions to the liver weight- 
length and eviscerated weight-length relationships in order to estimate the 
precise 0-values. All p-values are tested for homogeneity among fish in vari- 
ous maturity stages using analysis of covariance (ANCOVA). Provided homoge- 
neity was present, pooling of the data was performed in order to calculate 
common 6-values, irrespective of maturity stages, to be used in liver and 
condition indices. These indices, showing the relative sizes of liver and car- 
cass, were defined as follows: 
Liver index: 
LI = 1000 . LWITLP 
Condition factor (indicating relative carcass size): 
K = 100 . WITLP. 
Potential variation with maturity stage or time of the year in LI and K 
were analyzed by means of ANOVA. 
Statistics were provided from the BMDP (DIXON 1981) programs P1R 
(multiple linear regression), P l V  (one-way analysis of variance and covari- 
ance), and P3D (comparison of two groups with t-tests) run on a VAX com- 
puter. 
RESULTS 
GONAD SIZE 
Regression analyses of the gonad weight-eviscerated weight relationships in 
males and females of various maturity stages and of the whole data set for 
each sex, were significant (p<0.05) in all cases (Table 1). ANCOVA indicated, 
however, that the regression coefficients (D) of the different maturity stage 
groups were not homogeneous either in females (F,,,, = 9.283; p<0.001) or 
in males (F2,,,, ~ 7 . 8 9 9 ;  p<0.001). The highest P-values of females were re- 
corded in fish with maturing gonads (stage 6), while in males, fish with run- 
ning gonads (stage 7) had the highest p-value (Table 1). In both sexes, the 
lowest p-values were recorded in fish with spent gonads. 
The highest mean values of the gonosomatic index, GI, were observed in 
females in maturity stage 6; thereafter a decrease in mean gonad index with 
increasing maturity stage was observed (Fig. 2). In males the highest GI- 
values were recorded in fish in maturity stage 5 + 6 (Fig. 2). Analyses of 
variance revealed significant heterogeneity among stages both in females 
(F,,,, = 24.377; p<0.001) and in males (F,,,,, = 39.646; p<0.001). 
Table 1. Relationship for fish in various maturity stages of gonad weight (GW) to eviscerated weight (W) described by linear regression equations, and of 
liver and carcass weights (LW and W) to total fish length (TL) described by power regression equations. N is the number of fish examined, a and lna are 
the regression constants, p is the regression coeficient, and r2 is the coeficient of correlation. In the regressions, Ho:B = 0; thus, rejection (p<0.05) means 
that the variation in weight can be explained by regression. * = rejection at 0.01<p<0.05; ** = rejection at 0.001<p<0.01; *** = rejection at p<0.001; 
ns = Ho accepted (i.e. p>0.05). 
GONAD cn G W = a . @ . W  lnLW = lna + P .  lnTL 1nW + l n a +  p .  lnTL cn 
MATURITY 
STAGE N D a r2 P N R  I n a  r2 P N R  1 n a  r2 P 
FEMALES 
5 37 0.0751 1944.61 0.29 *** 63 3.2011 -3.98 0.76 *** 39 3.0909 -2.16 0.97 *** 
6 12 0.2689-5079.47 0.89 *** 13 3.7161 -5.31 0.86 *** 12 3.3013 -2.63 0.97 *** 
7 10 0.0635 2584.71 0.55 * 13 3.6884 -5.33 0.86 *** 14 3.3926 -2.85 0.98 *** 
8 15 0.0217 215.46 0.37 * 21 3.7879 -5.60 0.74 *** 20 3.0361 -2.05 0.94 *** 
Combined 74 0.0772 1228.33 0.28 *** 110 2.8419 -3.30 0.49 *** 85 3.1293 -2.25 0.97 *** 
MALES: 
5+6 38 0.0580 148.23 0.15 * 42 3.6207 -5.07 0.67 *** 38 3.0808 -2.14 0.96 *** 
7 304 0.0647 -144.76 0.65 *** 305 2.9277 -3.87 0.78 *** 308 3.1203 -2.26 0.98 *** 
8 36 0.0070 21.38 0.61 *** 36 3.2185 -4.59 0.79 ***  36 3.1227 -2.28 0.99 *** 
Combined 378 0.0644 -150.93 0.51 *** 383 3.2209 -4.45 0.77 *** 382 3.1493 -2.32 0.97 *** 
MATURITY STAGES 
Fig. 2. Mean gonad indices (GI) per maturity stage of halibut females (stipled line). The mean 
values of males are also given (solid lines). Standard deviations are indicated by the bars and 
the numbers of examined fish are given. 
In both sexes the mean G I  values increased during autumn, reaching the 
highest values in November (males) and December (females). Thereafter, the 
average gonad sizes decreased (Fig. 3). ANOVA revealed that the observed 
variation in the monthly means of G I  was significant both in males (F,,,,, = 
40.919, p<0.001) and in females (F ,,,, = 2.31 7, p = 0.043). 
MONTHS 
Fig. 3. Mean monthly gonad indices (GI) for halibut males (solid line) and females (stipled line). 
Standard deviations are indicated by the bars and the numbers of examined fish are given. 
LIVER CONDITION 
Power curve regressions fitted to the liver weight-total length data were high- 
ly significant (p<0.001) in both males and females in all maturity stages 
(Table 1). ANCOVA showed that the regression slopes (P) from the different 
gonadal maturity stages were homogeneous in females (F,,,,, = 0.678; 
p = 0.568) as well as in males (F,,,,, = 1.867: p = 0.156), thus permitting the 
use of combined p-values (2.8419 and 3.2209 for females and males, respec- 
tively, Table 1) when calculating the liver index in each of the sexes. Both 
the combined regressions were highly significant (p<0.001). The liver indices 
thus became: 
Females: 
LI = 1000 . LW/TL2.8419 
Males: 
L,I = 1000 . LW/TL3.2209 
A general decrease in mean LI was observed with increasing maturity 
stage in adult fish of both sexes (Fig. 4). ANOVA revealed that the observed 
intermaturity stage heterogeneity of LI was highly significant both in males 
(F,,,,, = 24.057, p<0.001) and in females (F3,Io6 = 33.719, p<0.001). In im- 
mature females the mean LI was similar to those observed in maturity stage 
6-8 females, but significantly lower (p<0.001) than those observed in stage 
5 females. 
ANOVA shows that the monthly mean values of liver indices (Fig. 5) vary 
significantly during the period of investigation in both males (F,-,,, = 9.684, 
p<0.001) and females (F,,,,, = 12.585, p<0.001). In the males, the mean 
LI decreased clearly during the whole period from September to March inclu- 
sive. In females, relative liver weight did not start to decrease until Decem- 
ber. After January, a slight increase in the mean LI of females again occurred. 
BODY CONDITION 
Power curve regressions fitted to the eviscerated weight-total fish length data 
of females and males in various stages of gonadal maturity were highly signi- 
ficant (p<0.001) in all cases (Table 1). ANCOVA indicated that the regression 
coefficients of the different maturity stages were homogeneous in females 
(F,,,, = 1.382; p = 0.255) as well as in males (F,,,,, = 0.067; p = 0.935). 
This permitted the use of combined p-values (3.1293 for females, 3.1493 for 
males, Table 1) when calculating the condition factor in each of the sexes. 
The condition factors (K) thus became: 
Females: 
Males: 
As revealed by ANOVA, mean values of the condition factor calculated for 
sexually mature fish in various maturity stages (Fig. 4) vary significantly in 
males (F,,,,, = 14.391, p<0.001), but not in females (F,,,, = 1.965, 
p = 0.126). In males, a general decrease in mean K with increasing maturi- 
ty stage was observed. No significant differences (p<0.05) were observed 
between the mean K-value for immature females and those observed in matu- 
re females. 
In males, the mean monthly K-values were quite stable in autumn (Septem- 
ber-November), followed by a decrease to a lower level maintained from 
Fig. 4. Mean liver indices (LI, above) and condition factor (K, below) per maturity stage of 
halibut males (solid lines) and females (stipled lines). Standard deviations (bars) and numbers 
of examined fish are given. 
December through March (Fig. 5). ANOVA revealed that this observed hetero- 
geneity among monthly mean values of the condition factor in males was 
highly significant (F6,,,, = 5.795, p<0.001). The female monthly mean values 
of K appeared to vary in the same manner as for the males (Fig. 5), but 
an analysis of variance revealed no significant variation between months in 
the females ( F  ,,,, = 1.749, p = 0.12 1). 
DISCUSSION 
The observed significant heterogeneity among slopes (0-values) of regressions 
of gonad weights against eviscerated weights indicates that this relationship 
varies with the stage of maturity both in female and male halibut, i.e., fish 
have gonads of different relative weight proportions depending on their state 
of maturity. In the females, fish in maturity stage 6, namely the last phase 
of vitellogenesis before the oocytes start to absorb fluid and are released from 
the ovary follicles, had the steepest slope (Table 1). This indicates that the 
larger females in this stage generate larger ovaries in proportion to eviscer- 
ated body size than do the smaller females, as compared with other maturity 
stages. According to DE VLAMING et al. (1982), who critically reviewed the 
use of the gonosomatic index in studies of breeding in fishes, such heterogenei- 
ty among females in different maturity stages is commonly observed also in 
other fish species. These authors discussed the biological significance of such 
size-related heterogeneity, and especially pointed out that body size might 
have a greater impact on relative ovary weight when females had "ripe" 
ovaries than when ovaries were inactive. This is highly consistent with our 
present observations. There seems to be less variation of 0-values with matur- 
ity stage in males than in females, although the pooling of stages 5 and 6 in 
the males complicates more precise intersexual comparison. 
At the individual level, the mean GI's reached their highest values in fish 
in maturity stage 6 (females) or 5 + 6 (males) (Fig. 2), which is quite natu- 
ral since this is the latest stage of gonad maturity before the spawning starts 
and drains the gonads of gametes and weight. At the population level, the 
continuous decreases in mean G I  from November-December to March (Fig. 
3) is consistent with the conclusion of KJURSVIK et al. (1987) that this is the 
spawning season of the species. The increase in mean G I  values from Septem- 
ber to November-December emphasizes that this is a period of intense accu- 
mulation of reproductive tissues by the species. The observed heterogeneities 
of regression slopes mean that dividing gonad weight by eviscerated weight 
may have a different result depending on the phase of the gonad cycle. Thus, 
the G I  may provide a misleading indication of gonadal activity, and the 
validity of comparing mean values among maturity stages and months is, 
therefore, debatable. 
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Fig. 5. Mean monthly liver indices (LI, above) and condition factor (K, below) for halibut males 
(solid lines) and females (stipled lines). Standard deviations (bars) and numbers of examined 
fish are given. 
No significant variation with stage of maturity was observed in the p-val- 
ues either in the regression of liver weight on total length or in the regres- 
sion of eviscerated weight on total length. This applied to both sexes, and 
indicates that single regressions, based on pooled material irrespective of 
maturity stage, can be expected to adequately describe both the above- 
mentioned relationships for female as well as male halibut. 
It  is generally accepted that in flatfish, the main energy reserves are usual- 
ly deposited in the liver and muscle tissues (LOVE 1970). Our results sug- 
gest, however, that in halibut these two different tissue types are differently 
affected by the costs of spawning. Obviously, the liver is significantly re- 
duced as the maturation process proceeds (Fig. 4), leading to a significant 
decrease in mean relative liver weight (LI) throughout the spawning season 
(Fig. 5). Thus, it seems reasonable tn conclude that the liver is an important 
energy source for female and male halibut during preparation for spawning. 
This is supported by studies of the lipids and fatty acid profiles of the spe- 
cies (HAUG et al. 1988). The carcass seems, however, much less affected by 
the energy expenditures involved in the seasonal accumulation of the repro- 
ductive tissues. Certainly, the males show a little, but still significant, de- 
crease in relative body weight during gonad maturation (Fig. 4) and during 
the first part of the spawning season (Fig. 5). This was, however, not the 
case in females whose sacrifice of general body weight in order to build up 
ovaries seems minimal. The observed difference between females and males 
in mobilizing muscle tissue into reproductive tissue seems to support prev- 
ious suggestions of sexual differences in physiology and growthlenergy strate- 
gies of male and female halibut. These differences are also manifested in the 
female growth rate being far in excess of the males after the attainment of 
sexual maturity (MATHISEN and OLSEN 1968, JAKUPSSTOVU and HAUG 1988), 
and in the generally higher lipid levels in several tissues of females as com- 
pared with males during spawning (HAUG et al. 1988). 
In  general, the energy reserves of flatfish are considerably depleted during 
the course of gonad development or starvation which usually accompanies 
overwintering and spawning (DAWSON and GRIMM 1980, JOBLING 1980, ROFF 
1982). With its low level of general body weight sacrifice during spawning, 
the Atlantic halibut follows this trend only in part. No doubt the food intake 
of the species is reduced during spawning (DEVOLD 1938, MCINTYRE 1953). 
We suggest, however, that feeding most probably does not cease completely, 
and that the general physical activity, particularly in females, is reduced to 
such an extent that a minimal loss of energy is ensured during spawning. 
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